NORWEGIAN SALMON AQUACULTURE AND SUSTAINABILITY: THE RELATIONSHIP BETWEEN ENVIRONMENTAL QUALITY AND INDUSTRY GROWTH by Tveteras, Sigbjorn
121
Marine Resource Economics, Volume 17, pp. 121–132 0738-1360/00 $3.00 + .00
Printed in the U.S.A. All rights reserved Copyright © 2002 Marine Resources Foundation
Norwegian Salmon Aquaculture and
Sustainability: The Relationship Between
Environmental Quality and Industry Growth
SIGBJØRN TVETERÅS
Norwegian School of Economics and Business Administration
Abstract   This paper discusses the relationship between industry growth and
environmental quality in the context of salmon aquaculture. It is argued that in-
dustry growth can reduce pollution by inducing more technological innovations
for industry-specific, pollution-reducing inputs. This increases the elasticity of
substitution between conventional factors of production on the one hand, and
pollution on the other, and therefore enables a greater degree of internalization
of environmental problems. Four indicators of pollution are examined for Nor-
wegian salmon aquaculture. The salmon aquaculture industry is one in which
growth is associated with reduced environmental problems not only in relative,
but also in absolute terms.
Key words   Environmental Kuznets curve, induced innovation, industry
growth, salmon aquaculture.
Introduction
In many cases, industry expansion gives rise to environmental concerns because pol-
lution is thought to be positively correlated with output. However, many economists
have supported the view that economic growth can often be beneficial for the envi-
ronment. At the aggregate level, this view is formulated in the environmental
Kuznets curve (EKC) hypothesis, which suggests that some pollutants have an in-
verse U-shaped relationship with countries’ income.1 In this paper, the relationship
between environmental quality and growth at a more disaggregated level is exam-
ined, which enables focus on pollution and industry growth. The change in perspec-
tive from macroeconomic growth to industry growth can provide new insights into
the relationship between growth and pollution. In particular, Lopéz (1994) shows
that economic growth can reduce the degradation of natural resources only if pro-
ducers internalize the effects of stock feedback on production. Sustainable develop-
ment, therefore, requires that industries adopt more environmentally friendly prac-
tices and technology as the economy grows, since industries are the major source of
many pollutants.
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Industry decision making in relation to environmental issues is not based on
growth in the economy as such, but rather on profit maximization. In this respect,
industry growth is more relevant to environmental practices than to economic
growth because industry growth more directly affects the framework within which
firms operate. Moreover, one would expect individual firms to respond in a similar
way to environmental concerns given that practices are similar for all agents within
an industry. This supports the notion that industries represent a natural aggregation
level. On the other hand, different industries (or the same industry in different re-
gions) will respond differently to environmental concerns due to heterogeneity be-
tween industries (regions); e.g., in terms of the technology and the types of inputs
used and governmental legislation. Some will have incentives to internalize environ-
mental problems, while others will not. The degree to which producers internalize
environmental effects suggests two different measures of environmental improve-
ments: (1) relative and (2) absolute reductions in environmental degradation. The
former indicates that industries have incentives to internalize environmental prob-
lems, where the pollution per unit produced (pollution intensity) is reduced. How-
ever, a reduction in pollution intensity may not offset the increase in pollution-gen-
erating activity (production); hence, the absolute amount of environmental degrada-
tion may still increase. Under condition (2), the industry not only has incentives to
internalize, but actually improves its environmental practices to such a degree that
pollution decreases, despite increased industry production.
The Norwegian salmon aquaculture industry has been the global market leader
since the early 1980s and is also at the forefront of technological innovation. Annual
growth in Norwegian salmon production has been rapid, averaging 21% between
1984 and 1999, reaching a total output of 464,000 metric tonnes by 1999. The value
of Norwegian salmon production increased ten-fold from $0.13 billion to $1.3 bil-
lion over the same period (FAO 2000). Norway is the largest salmon producer in the
world, with 46% of the global market in 1999, followed by Chile, the UK, and
Canada with market shares of 20%, 14%, and 8%, respectively. Chile, the fastest-
growing salmon aquaculture producer in the world, began catching up with Norway
during the 1990s.
A number of environmental concerns has emerged in the wake of the rapid ex-
pansion of salmon aquaculture, many of which can be attributed to the intensive na-
ture of salmon farming. These concerns have ranged from effluent discharges, es-
caped farmed salmon, diseases, and the use of medicines and chemicals, to more
global concerns, such as the taxation of wild fish stocks, which has been prompted
by the increased consumption of fish meal and fish oil (Folke, Kautsky, and Troell
1994; Black et al. 1997; Asche, Guttormsen, and Tveterås 1999; Asche and Tveterås
2000; Naylor et al. 2000). The industry has also faced considerable scrutiny from
media and interest groups in Norway and elsewhere because of these concerns. How-
ever, most indicators of environmental quality show signs of improvement, which sug-
gests that the Norwegian salmon aquaculture industry is addressing these concerns. It
also indicates that salmon farmers have economic incentives to internalize environ-
mental problems, as suggested by Asche, Guttormsen, and Tveterås (1999).
This paper is organized as follows. The first section presents a theoretical
framework for analyzing the relationship between industry growth and environmen-
tal quality. The focus is on the conditions for environmental improvement on the one
hand, and the relationship between industry growth and the environment on the
other. Discussion surrounds methodological issues relating to empirical testing of
the relationship between industry growth and environmental quality. The following
section uses the framework outlined in the theoretical section to examine the devel-
opment of environmental problems in Norwegian salmon aquaculture. A discussion
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Theoretical Framework
Conditions for Environmental Improvement
Although it is reasonable to theorize that increasing economic activity increases pol-
lutant emissions, it has been argued that economic growth can reduce the degrada-
tion of natural resources if producers internalize their stock feedback effects on pro-
duction (Lopéz 1994). Given such a view, it is important to determine the conditions
necessary for the internalization of environmental problems, since sustainable devel-
opment depends on these conditions being satisfied. Broadly speaking, there are two
main reasons for a profit-maximizing firm to address the environmental problems
that arise from its activity: either legislation forces the firm to clean up, or it is prof-
itable for the firm to do so. Both imply internalization of the environmental prob-
lem, since the firm bears the social costs that arise from its own activity. However,
policy measures are usually adopted because industries themselves do not have in-
centives to address these issues. This is usually true in cases where costs are more
dispersed, as is the case with CO2 emissions and other airborne pollutants from
which there are no feedback effects on productivity (Shafik and Bandyopadhay
1992). Local pollution tends to be the type that generates negative feedback effects
on productivity. Reduced productivity provides firms with incentives to internalize
the feedback effects into their decision-making given that they have property rights
over the environmental resource. This can be illustrated by using the following
profit-maximization problem:
max ( ) ( )
y
py c y y π= − − e (1)
where py is income as a function of price, p, and the produced quantity, y; c(y) de-
notes production costs; and e(y) is vector of negative feedback emissions of pollut-
ants as a function of the produced quantity. We assume c′ (y) > 0 and Σ iei′ (y) ≥  0 so
that increased production increases the cost of production, c, and emissions, e, if the
sum of the feedbacks on cost is positive. Firms are indifferent to the effects of the
emissions if Σ ei′  = 0. Firms have incentives to improve their environmental practices
if there are negative feedback effects on productivity; i.e., Σ iei′  > 0.
Note that in equation (1), emissions are solely a function of output, y. In gen-
eral, this will only be true if the elasticity of substitution between conventional in-
puts and pollution approaches zero; i.e., in the limiting case of Leontief technology.
In more realistic cases, in which the elasticity of substitution is greater than zero, it
is possible to reduce pollution by upgrading equipment and technology. This means
that the emissions, e, can be reformulated as e(y, z), where e is now a function of
output, y, and a vector of inputs, z, with ey > 0 and ez < 0. This is a reasonable de-
scription of salmon aquaculture, in which an array of different inputs can be used to
reduce environmental problems. These include, most importantly, industry-specific
inputs, such as feeds and feeding technology, vaccines, and medicines.
Increased productivity and reduced costs are not the only reasons why firms
may find it profitable to invest in more environmentally friendly practices. Such in-
vestments can also be prompted by consumer behavior. For example, food safety is-
sues and the demand for more environmentally friendly food products have stimu-
lated markets for organic produce. This has influenced decision-making in food in-
dustries, since there is a belief that products, which are perceived to be more envi-
ronmentally friendly are priced at a premium and, in some cases, are of a higher
quality than conventional products. Studies support the notion that consumers are
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sustainability in relation to seafood production by signaling a willingness to pay a
higher price for more environmentally friendly seafood products (see Wessells and
Anderson 1995; Wessells, Johnston, and Donath 1999; Johnston et al. 2001).
Industry Growth and Environmental Quality
Before the role of industry growth is discussed, it is important to clarify what is
meant by growth in this context. The primary focus of this study is on industries that
have reached a size that enables them to capitalize on increased R&D efforts. In this
context, the problem with smaller industries is that they lack the capability to under-
take the investments required to develop more environmentally friendly production
technologies. An important point is that technology and inputs are often very indus-
try-specific; they cannot be applied in other industries. When large investments are
required and there is uncertainty associated with the development of new technolo-
gies (or intermediate inputs), potential investors and innovators may be deterred by
a small market (industry). In contrast, expanding industries find it easier to attract
capital simply due to the implications of growth. For investors, growth represents
the prospect of good returns on capital, while suppliers see growth providing an ex-
panding market base for their own products and services. Still, it is apparent that the
scale of activity must exceed some critical threshold if suppliers and investors are to
deem such investments profitable. Moreover, if the industry has incentives to inter-
nalize its environmental impacts, then it is most likely that these investments will be
channeled towards abatement technologies, hence increasing the elasticity of substi-
tution between conventional factors of production and pollution. This result can be
expected whether the internalization is induced by governmental regulations, ‘green’
markets, or individual property rights, unless internalization signifies some con-
straint on the industry’s output. If this is the case, unsustainable practices may be
causing the industry to contract.
Measuring the Effects of Industry Growth on Environmental Degradation
To test if an industry has incentives to internalize environmental problems, it is use-
ful to formulate an economic model in the form of a cost-minimization or profit-
maximization problem. However, because data availability tends to be a restricting
factor, it is necessary to consider other ways of modeling this kind of problem. A
variation on the EKC model, but at a more disaggregated level, is appropriate given
that the effect of growth on environmental quality is of primary interest. In EKC
models, the independent variable used to proxy economic growth is usually an in-
come measure, while the dependent variable is an indicator of environmental qual-
ity. In this paper, it is industry growth, not economic growth, that is of interest. In-
dustry output can be used to proxy industry growth since it measures an industry’s
level of activity. This suggests the following relationship:
Ef Y Y Y it it t t == + + () αβ β 12
2, (2)
where Eit is an environmental indicator (to be defined subsequently). The param-
eters, β 1 and β 2, capture trends in polluting intensity, while Yt represents the size of
the industry and thus also the polluting activity. An inverted U-shaped relationship
between pollution and industry size corresponds to β 1 > 0 and β 2 < 0. This implies
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We examine two different aspects of this relationship by considering two differ-
ent measures for the environmental indicator, Eit, namely relative and absolute pol-
lution. A relative reduction in pollution corresponds to an inverted U-shaped rela-
tionship between the amount of pollution per unit produced and industry growth. A
reduction in pollution intensity indicates that the industry has incentives to internal-
ize environmental problems. To a large degree, this dictates whether emerging in-
dustries will be environmentally sustainable or not, and is, therefore, important.
However, it is the absolute level of pollution that challenges the resilience of the en-
vironment, and this is the most important measure in the long run. An inverted U-
shaped relationship between Eit, indicating the absolute level of pollution, and in-
dustry growth implies that environmental quality is improving. In this case, since in-
dustry growth corresponds to an increasing degree of internalization, it may be ben-
eficial for environmental quality. This paper uses four pollution indicators (E) for
salmon aquaculture: the feed conversion rate; antibiotic use; chemical use; and
salmon escapees.
The Environmental Concerns of the Salmon Farming Industry
Consider now the environmental issues in Norwegian salmon aquaculture. Naylor et
al. (2000) outline two main groups of environmental problems for the salmon farm-
ing industry. The first group relates to the negative effects of salmon farming on the
environment, wild fish, and the ecological basis of other living things. These are
mainly local and regional concerns. Issues belonging to this group include diseases,
medicine use, the impact of organic waste from farms on benthic fauna, eutrophica-
tion, the escape of farmed salmon, sea lice, and contamination of the genetic make-
up of wild salmon. The second group relates to the pressure put on wild fish stocks
by salmon farming’s use of large quantities of fishmeal and fish oil in the salmon
feeds. This is a global issue. Other global issues include the presence of toxins, such
as dioxins and PCBs in the marine inputs, and possible GMO inputs in the feed. This
paper examines only local and regional environmental issues. For a discussion of
global issues, see Asche and Tveterås (2000).
Organic Waste
Effluence discharges are one of the major environmental concerns in salmon farm-
ing and account for most of the pollution around fish farms. The organic waste,
which comes primarily from fish feces and waste feed, can build up on the seabed if
the rate of decomposition is sufficiently low, thereby damaging the local fauna. An-
other problem is that the waste leads to higher concentrations of nutrients in the sea,
which increase the risk of eutrophication (Folke et al. 1994). However, Black et al.
(1997) point out that eutrophication depends on the nutrients being discharged and
on the resilience of the local environment. A strong current increases the availability
of oxygen, which is needed for the decomposition of the organic matter, and also
contributes to a wider dispersion of it. Hence, the organic load directly under the
cages is reduced, thereby alleviating the challenge to the environmental resilience
capacity. Since seabed topography also influences the resilience of the environment,
the siting of cages is important.
However, organic waste sedimentation does not only pose a problem for the lo-
cal fauna, but also for salmon farmers due to negative feedback effects on produc-
tivity. The biological decomposition process for the waste reduces the availability of
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eases. Moreover, depletion of the oxygen level in the decomposition process can
produce toxic gasses, which, if released, are harmful to farmed fish (Wallace 1993).
Thus, production risk increases with higher feed use because of the negative envi-
ronmental feedback (Asche and Tveterås 1999; Tveterås 1999, 2000). Therefore,
risk-averse salmon farmers would minimize feed use and/or take other measures to
reduce negative feedback effects on productivity. As feed costs account for over
40% of the total production costs in salmon farming, there is also a cost argument
for reducing feed.
Salmon farmers have responded to these problems. First, feed and feeding tech-
nology have improved considerably over the last two decades. Figure 1 shows that
the feed conversion ratio (FCR) declined between the 1980s and 1990s. It has fallen
from almost three kilos of feed required to produce one kilo of salmon in 1980 to
just over one kilo required in 2000. Most of this reduction is due to a greater use of
lipids in the feed: a 1% increase in the inclusion rate of lipids leads to a 1% reduc-
tion in organic waste. However, new feeding systems have also contributed to reduc-
ing the FCR by lowering the feed waste.
Second, most salmon farms have moved to areas with stronger currents, deeper
waters, and more suitable seabed topography, which significantly reduces the accu-
mulation of waste sediments and negative feedback effects on productivity. In areas
with unsustainable locations, salmon farms have disappeared. Thus, the combination
of new sea cage technology, which allows sites to be moved to more exposed loca-
tions and enables rotation between different sites, and improved feed and feeding
technology, has significantly increased the elasticity of substitution between tradi-
tional factors of production and effluence discharges. This undertaking has probably
been induced by a combination of environmental feedback effects on productivity
and a general effort to reduce costs. Consequently, salmon farmers have internalized
many of the problems related to organic waste so that the environmental quality of
the areas surrounding the salmon farms has improved since the late 1980s.
Figure 1. Feed Conversion Rate 1980–2000
Source: Austreng (1994) and Directorate of Fisheries, various years.Norwegian Salmon Aquaculture and Sustainability 127
There is little evidence that the capacity for resilience of the local environment
is currently being challenged. Since there is a negative relationship between FCR
and output, the reduction in the FCR implies that there has been a decline in relative
discharges of organic waste since 1980, indicating an inverted U-shaped relationship
in relative terms. It is not possible, however, to judge from the available data
whether there has been an inverted U-shaped relationship between the absolute level
of effluence discharges and the growth of the salmon aquaculture industry in Nor-
way. Calculating total feed consumption by multiplying the FCR by salmon produc-
tion, we find that total feed consumption has increased, which is not surprising
given the explosive growth of salmon farming. However, this does not necessarily
imply that the absolute level of organic waste has increased, since there is not a one-
to-one relationship between feed consumption and feed waste. If the feed spill per-
centage declined substantially, there might be an inverted U-shaped pattern for the
absolute level of organic waste relative to industry growth.
In this context, it is interesting to note that the improvements in the feed and
feeding regimes have, to a large degree, been made by the feed industry, not by the
salmon farmers. Some improvements in the FCR have been due to on-farm experi-
ments with feeds and feeding systems. However, the feed technology changed in the
late 1980s and early 1990s when almost all salmon farmers abandoned wet and
moist feeds in favor of dry. Dry feeds are commercially manufactured and, there-
fore, not made on-farm. Since then, feed development has mainly been conducted by
the feed industry. This indicates that, in the 1990s, the salmon farming industry en-
joyed external economies of scale with respect to improved feed and feeding tech-
nology.
Antibiotics and Chemicals
The use of antibiotics in the treatment of diseases is another controversial issue con-
cerning the environmental practices of salmon aquaculture. Antibiotic use can lead
to antibiotic resistance in fish and other living organisms. In particular, the exten-
sive use of antibiotics in the late 1980s provoked much criticism from consumers.
Since then, the use of antibiotics has been virtually eliminated.
Figure 2 shows that the use of antibiotics forms an inverted U-shaped pattern in
absolute terms. First, salmon farmers responded to the disease problem in the 1980s
by increasing the use of antibiotics. The first large disease outbreaks were bacterial
coldwater vibrosis in 1986 and furuncolosis in 1990–92. Two factors were important
in reversing the trend towards an increasing use of antibiotics. First, the relocation
of salmon farms to more suitable locations generally improved fish health. Second,
the introduction of an oil-based vaccine in 1992, which was effective against bacte-
rial diseases, made antibiotics more or less redundant. Thus, since peaking in 1987,
the use of antibiotics has been on a downward trend, despite a temporary increase in
usage following the furuncolosis outbreaks in 1990. This contrasts with the upward-
sloping trend for production, which is shown in figure 1. After the first vaccinations
took effect in 1993, antibiotics were hardly used.
The development of the oil-based vaccine can be seen as the result of the
salmon industry becoming an attractive market for industry-specific pharmacy ser-
vices and products. Industry growth, therefore, made it profitable for the pharmacy
industry to invest in the development of such vaccines, which would otherwise not
have been available until much later. Thus, industry growth has helped to reduce the
use of antibiotics, not only in relative terms, but also in absolute terms.
The same overall trends are found in the use of chemicals. Figure 3 shows that
since the mid-1980s, the use of chemicals has demonstrated a downward trend. Be-Tveterås 128
Figure 3. Use of Chemicals in the Norwegian
Salmon Farming Industry, 1984–98
Source: The Norwegian Medicinal Depot 1999.
Figure 2. Use of Antibiotics in the Norwegian
Salmon Farming Industry, 1980–98
Source: The Norwegian Medicinal Depot 1999.Norwegian Salmon Aquaculture and Sustainability 129
cause the time-series only dates back to 1984, we only observe the downward-slop-
ing trend in the use of chemicals. However, we can infer an inverted U-shaped pat-
tern for chemicals, given that their use must have been close to zero in the 1970s
when intensive salmon aquaculture began. Chemicals are mainly used for cleaning
cages and for treating salmon lice. Wrasses have been introduced as a more environ-
mentally friendly method of treating sea lice because they feed on sea lice that live
on farmed salmon; however, on its own, this measure is not sufficient. Salmon farm-
ers must still rely on chemicals to treat infected fish, but they use considerably less
now than they did in the mid-1980s. Yet, as in the case of antibiotics, we observe a
decline in the use of chemicals as the salmon industry expands.
Salmon Escapees and Sea Lice
The issue of salmon escapees is controversial because of its potential negative im-
pact on wild salmon stocks. The short-term effects of escaped farmed salmon in-
clude competition and breeding with wild salmon, the spreading of diseases and
parasites to wild salmon, and hybridization with trout. Since a number of theories
have tried to explain why wild salmon stocks have been reduced, the actual effects
of farmed salmon on wild salmon are still open to question. Nevertheless, farmed
salmon probably has a negative impact on wild salmon stocks.
The main reasons for accidental release of farmed salmon are winter storms,
propeller damage, and wear and tear on equipment. In recent years, better manage-
ment of these problems has led to a reduced number of salmon escapees, which con-
trasts with the increased number of salmon produced each year. According to the of-
ficial statistics presented in figure 4, salmon escapees have been reduced from be-
tween 1.5 and 2 million reported in the 1988–92 period to about 0.5 million reported
in 1999 (Directorate of Fisheries). This indicates not only a relative improvement,
but also an absolute fall in the number of escapees. These figures should be treated
with caution because they are probably lower than the actual number of escapees.
Since escapes of salmon can generate negative publicity and may even lead to law-
suits, salmon farmers have incentives to under report the actual number of salmon
escapees. Farmers may also be unaware of escapes because damage to cages is de-
tected late, or they may not know exactly how many fish are in the cages. However,
underreporting is unlikely to affect the main trends. Thus, it is possible to infer an
inverted U-shaped relationship between the absolute number of salmon escapees and
the growth of Norwegian salmon aquaculture. This implies that salmon farmers have
incentives to internalize this problem.
Infection by sea lice is possibly one of the most important factors that reduce
the stock of wild salmon. Registrations show that the heaviest infections of wild
salmon are limited to areas with a high concentration of salmon farms (Tully, Poole,
and Whelan 1993; Tully et al. 1993; Grimnes et al. 1998). A plausible explanation is
that the number of hosts is larger in areas with a high concentration of salmon
farms, thus leading to a higher concentration of sea lice in that area. Nevertheless,
the connection between fish farming and the reduction of wild salmon stocks gener-
ates a great deal of insecurity. Analysis of a small sample of rivers in Scotland and
Norway showed no marked reduction from 1987 to the present day in farming-inten-
sive areas (Hansen 1999). However, by comparing 77 different rivers, Sægrov et al.
(1997) found that the largest reductions of wild salmon occurred in farming-inten-
sive areas.
Sea lice infections and salmon escapes are probably the major remaining envi-
ronmental problems in salmon farming today. Salmon farmers clearly have an incen-
tive to limit the number of sea lice because of negative feedback effects on produc-Tveterås 130
tivity and for marketing purposes. This involves the use of chemicals and sea
wrasses. However, it is not clear that salmon farmers have an incentive to reduce the
number of sea lice to a level that is significantly below the level required by the
market. This means that sea lice concentrations in salmon farming areas might be
relatively high even if the number of sea lice living on the farmed salmon is at an
acceptable level. Thus, it is uncertain whether there has been an inverted U-shaped
pattern for the level of sea lice in salmon farming areas. Research on vaccines
against sea lice continues, but there has been no breakthrough to date.
Summary and Discussion
This paper has investigated the issue of whether some pollutants have an inverted U-
shaped relationship to industry growth. Empirical studies of the EKC hypothesis are
typically conducted at the macro level and use economic growth, represented by
GDP for example, as the explanatory variable to test for an inverted U-shaped rela-
tionship for pollutants. However, for many pollutants, there are indications that the
industry level is an interesting one at which to study this relationship, since indus-
tries are the main source of many pollutants. Moreover, industry growth seems to
play an important role by changing the framework by which firms operate. Industry
growth stimulates more investment, and this investment can be channeled towards
the development of abatement technologies, thereby increasing the elasticity of sub-
stitution between conventional inputs and pollution. This is closely related to the in-
duced innovation hypothesis of Hicks (1932), which states that a change in the rela-
tive prices of inputs should induce innovations directed to economizing the use of
the input which has become relatively more expensive. Here, the relatively more ex-
Figure 4. Number of Escaped Salmon in 1988–92
and 1999 Compared with Production
Source: Directorate of Fisheries, various years.Norwegian Salmon Aquaculture and Sustainability 131
pensive input is pollution, provided that industry has incentives to internalize it. An
empirical test of this relationship is performed, in which the independent variable is
industry growth, rather than economic growth. This is used for empirical tests of the
EKC hypothesis at the country level. As dependent variables we use measures of
pollution, pollution per unit produced, and total pollution. This allows us to investi-
gate first if the industry has incentives to reduce pollution, and secondly if they are
strong enough to lead to an absolute pollution reduction. Internalization is a pre-
condition for industry growth to facilitate the reduction of environmental problems.
Therefore, an inverted U-shape pattern of pollution in relation to industry growth
will not apply to all environmental problems, since not all industries have incentives
to internalize them.
Data from the Norwegian salmon aquaculture industry support the idea that the
industry level is an appropriate one at which to study the relationship between
changes in environmental quality and growth. The data cover the period from the
early 1980s to the end of the 1990s, which was a period of tremendous growth in the
Norwegian salmon aquaculture industry. These data provide evidence of inverted U-
shaped relationships between environmental indicators and the growth of the Nor-
wegian salmon aquaculture industry. This implies that Norwegian salmon farmers
have increased the degree of internalization due to negative feedback effects from
pollutants as the industry has expanded. The use of antibiotics and chemicals has
been reduced in absolute terms. The number of salmon escapees may have also de-
clined. In the case of sea lice and effluence discharges, results are more uncertain
given the lack of data. However, the reduction in the FCR shows that, relative to
production volume, organic waste discharges have been reduced, which is important
given the substantial increase in salmon production over the last two decades.
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